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Description 

The present invention relates to the modifying of a fluorine-containing plastic, to the modified fluorine-containing 
plastic and to materials, particularly bio-materials, containing such a modified, fluorine-containing plastic, possibly as 

s coating (plasmapolymers). The invention relates particularly to a method with which the surface of the fluorine-contain- 
ing plastic can be made superhydrophobic, and according to a preferred embodiment the fluorine-containing plastic is 
modified such that a portion of the surface becomes superhydrophobic and another portion of the surface hydrophilic. 
In preference both types of surface are located on either side of a fluorine-containing plastic sheet. 

Fluorine-containing plastics, such as polytetrafluoroethylene (PTFE) offer interesting technical applications 

io because of the material properties such as a high thermal and chemical resistance and the hydrophobic nature of the 
surface. The materials seem very suitable as bio-material. PTFE is for example strong, flexfcle and bio-inert and can be 
made elastic and if necessary porous (e-PTFE). This hydrophobic material can be used as bio-material when a small 
adhesion to body tissues is required, for example at the lumen side of vascular prostheses, paradontological mem- 
branes and the visceral side of stomach wall patches. If a good interaction with body tissue is necessary, as for instance 

is on the dermal side of stomach wall patches, the use of PTFE poses problems. 

The invention has for its object to modify the surface of fluorine-containing plastics such that the applicability in 
industrial products and in bio-materials is thereby increased, particularly in that the hydrophobic character of the sur- 
face is greatly increased. This is achieved according to the invention with a method for modifying at least a part of the 
surface of a fluorine-containing plastic, which method comprises making the surface hydrophobic by: 

20 

i) ion-etching the plastic surface; and 

ii) subsequently cleaning the treated plastic surface. 

It has been found that due to the combined treatment consisting of ion-etching and glow discharging the hydrophobic 
25 character of the fluorine-containing plastic is greatly enlarged. If as a measure of the hydrophobic character the mean 
contact angle of water on the modified surface is used, the method according to the invention results in an increase of 
the average contact angle of 108° to more than 125°. preferably more than 130° and even to more than 140°. It is noted 
that ion-etching alone results in a smaller increase in the hydrophobic character (mean contact angle of water approx- 
imately 120°) and that glow discharging alone results in a lessening of the hydrophobic character (mean contact angle 
30 of water100°). 

Ion-etching is a per se conventional treatment technique well known to a person skilled in the art 
The cleaning treatment which must be performed on the plastic surface treated by ion-etching after the ion-etching 
has for its object to remove from the plastic surface substances or structures generated on the plastic surface by the 
ion-etching. This cleaning treatment can comprise a chemical, physical and/or physical-chemical treatment of the plas- 
35 tic surface treated by ion-etching such as a treatment with acid, base, salts, solvents and/or combinations thereof, 
assuming that the effect according to the present invention is thereby not adversely affected to any great extent. A 
cleaning treatment preferred at this moment comprises glow discharging, which is a per se conventional treatment tech- 
nique. 

Suitable for use as fluorine-containing plastic in the modification method according to the invention are those plas- 

40 tics whose mechanical properties are such that the ion-etching and the glow discharging treatment, while optionally the 
plastic is cooled, does not result in a serious deterioration in the physical and chemical properties of the plastic. In gen- 
eral can be used fluorine- and fluorochlorine-containing plastics such as the polymers polyfluoroethene-propylene 
(FEP), polytetrafluoroethylene (PTFE), polychlorotrifluoroethylene (PCTFE), polyvinyl fluoride (PVF), polyvinylidene 
fluoride (PVDF) and copolymers thereof with (C 2 -C 6 ) alkylene, fluorinated (C 2 -C 6 ) alkylene such as hexafluoropropyl- 

45 ene. fluorinated (C r C 6 ) alkylvinylether such as perfluoropropylvinylether. Preferred plastics are FEP and PTFE. 

As a consequence of the modification method according to the invention the chemical composition of the hydro- 
phobe modified surface layer is also altered. The hydrophobe modified surface has an oxygen-carbon concentration 
ratio (O/C) of generally 0. 1 00-0.200, preferably 0. 1 20-0. 1 80 and a fluorine-carbon concentration ratio (F/C) of generally 
1 .00-2.000. preferably 1 .400-1 .800 (measured with XPS). 

so As a result of the pronounced hydrophobic character of the surface modified according to the invention, these mod- 
ified plastics can be used on surfaces where adhesion of for instance cells, micro-organisms, proteins and other parti- 
cles or organisms is undesired, such as in heat exchangers employed in the food industry, on ship shells and other 
surfaces coming into contact with water over long periods. As bio-material the modified plastic according to the inven- 
tion can be used in clinical and dental situations where the adhesion and/or spread of cells and/or micro-organisms is 

55 undesirable, such as on the inside of vascular prostheses, heart valves, the visceral side of reconstruction materials for 
the stomach wall and with vocal assist devices in the case of a trachealoesophageal shunt. In the case of these bio- 
materials it can be advantageous that there is also a surface present which lends itself to cell adhesion and cell spread 
(the outside of vascular prostheses and the dermal side of stomach wall reconstruction materials). According to the 
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invention another portion of the surface of the fluorine-containing plastic is hydrophile modified in accordance with a 
specific embodiment by: 

i) ion-etching the other portion of the plastic surface; and 

ii) placing the surface in contact with water. 

This hydrophile modified surface has a contact angle with water on the modified surface of 6°±5° 

m. J^^^J"* ,6atUreS * thG niodlfication method according to the invention and the fluorine-containing 
plastcs modified according to the invention and their applications will be further elucidated hereinbelow with reference 
to a number of non-limitative examples. 

Example 1 

♦h rt r£ E Ii Tef ,'° n ^ S °^ ne6 fr ° m F,uorplast B V (Raamsdonkveer, The Netherlands), cut into pieces of 1x2 cm and 
thoroughly cleaned with acetone and dried. 

The samples were subjected to ion-etching making use of a so-called Ion Tech saddle field ion source (Teddington 
England) at an argon pressure of 1 xlO^ to 1x10" 4 torr. while the ion energy was varied from 5-10 kV. Depending on the 
argon pressure the ion source flow varied between 8-10 mA. If a fixed sample holder was used the radiating time varied 
brfween 5 and 120 minutes, and preferably between 10 and 60 minutes. With the use of a rotating target holder the 
radiating time amounted to 1 -1 0 hours, and preferably 2-7 hours, for example 5 hours 

After ion-etching the samples were treated with oxygen glow discharging in a PLASMOD (Tegal Corporation Rich- 
mond. California), an inductively coupled instrument (13.56 MHz) with a cylindrical reaction chamber made of quartz 

at a power of SOW. The glow discharging treatment lasted 0.5 to 10 minutes, and in general 1 to 5 minutes 
n ' n *?* ase °! a ™*>™ "of samples, another portion of the surface was hydrophile modified by ion-etching of this 
tr2X S Z by C ° maCt - MaWng ^ for instance of a ^get holder with an ion bundle 

2^J^^ " ar9 ° n PreSSUfe 61 4X10 ^ 45 = The samples were subsequent 

, angle ° f the varlous s*™^** with a number ° f namely water, formamide, diiodomethane and 

a^romonaphthalene, was measured using a SUPCON EC90 (accuracy 0.5°). The results are shown in table 1 

Using X-ray photoelectron spectroscopy (XPS) the surface concentration ratios for a number of elements were 
measured on the bas.s of the C 18 , 0 1s , and F 1s peaks and the concentration ratios relative to carbon were calculated 
using the Wagner sensitivity factors: The results are shown in table 2. 

a ^l^fl ared S ^ eCtrOSCC ! Py . rt J COL,,d be demonstrated that the chemical effects of the modification treatment 
according to the invention are limited to the outer surface of the plastic. 

^ e ^"f surface roughness R A of the diverse samples was calculated from 4.8 mm tracings taken with a per- 
thometerCSD equipped with a 5 urn stylus (opening angle 90°). Ten tracings were recorded and averaged for Jach 
sample. The results are shown in table 3. 

Using a scanning electron microscope (SEM) micrographs were made at two magnifications after ion-etching 
and/or oxygen glow discharging. y 
In the figures: 

Fig. 1 A is untreated 

Fig. IB is 1 min. glow discharging (15 mbar oxygen pressure/50W) 
Fig. 1C is 5 min. glow discharging (15 mbar oxygen pressure/50W) 
Fig. 1 D is 10 min. ion-etching (8 mA/6 kV/4x10" 4 torr argon pressure) 
Fig. 1E is 30 min. ion-etching (8 mA/6 kV/4x10" 4 torr argon pressure) 
Fig. 1F is 60 min. ion-etching (8 mA/6 kVMxIO" 4 torr argon pressure) 
Fig. 1G is ion-etching according to D followed by glow discharging according to C 
Fig. 1 H is ion-etching according to E followed by glow discharging according to C 
Fig. 1 1 is ion-etching according to F followed by glow discharging according to C 
(the bars show respectively 10 urn and 3 um). 
Fig. 2 shows XPS spectra of 

55 A - untreated FEP-tef Ion 

B - 45 min. ion-etching (8 mA/6 kV/4x10" 4 torr argon pressure) 
C - 5 min. glow discharging (15 mbar oxygen pressure/50W) 

D - 10 min. ion-etching (8 mA/6 kVMxIO" 4 torr argon pressure) followed by 5 min. glow discharging (15 mbar 
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oxygen pressure/50 W). 

The figures 1 A-C show that the glow discharging treatment as such does not affect the topography of the surface. 
It can be seen from figures 1D-F that a typical micro-surface roughness results after ion-etching formed by stalk-like 
5 projections with a diameter generally of 20-60 nm, for example approximately 40 nm, and a length generally of several 
hundred nanometers, which cover the whole surface homogeneously. Glow discharging of these surfaces results in a 
melting down of the upper portions of these projections, as can be seen in figures 1G-I. 

In figure 2 spectrum B shows that ion-etching leads to the generation of substances and/or structures with an aver- 
age binding energy of approximately 282-283 eV. These substances and/or structures are not generated during glow 
io discharging (spectrum C) but are removed by the cleaning treatment, such as glow discharging (spectrum D). 

Example 2 

The effect of the hydrophobic modification according to the invention on the adhesion and spreading of cells was 
is studied using human fibroblasts. For comparison the same tests were performed using conventional tissue culture pol- 
ystyrene (TCPS), normal FEP (FEP) and hydrophile modified FER 

Human skin ftoroblasts were cultured in RPMI 1640 medium (Gibco) with 15% foetal calf serum (Gibco) and 100 
M/ml of penicillin/streptomycin (Gibco) at 37°C in air with 5% C0 2 . Every other day the cells were sub-divided by trypsi- 
nation (0.15 w/w % 1 :250 trypsin) in calcium- and magnesium-free Hanks balance salt solution. 
20 After trypsination 10 4 ceils per cm 2 were set out on Greiner plates. The different substrata (n=6) were positioned 
on the bottom. After 120 minutes photos were taken of the cells and the number of adhered cells per cm 2 x 10 4 (cell 
density), the mean cell spreading area (MCSA) in fim 2 and the spreading area distribution (SEM) were determined per 
material by morphometric image analysis (Cambridge Instruments, Quantimet 520). The experiment was performed in 
triplicate. The results are shown in table 4. 

25 

Example 3 

An elastic vascular prosthesis of e-PTFE (Gore-Tex f rom W.LGore & Associates Inc. Flagstaff, USA) with a length 
of 1 cm, an internal diameter of 1 .55 mm and a pore size of 30 um was cut open longitudinally, whereafter the luminal 
30 surface was hydrophobe modified according to the invention in the same manner as described in example 1 . After the 
hydrophobic treatment according to the invention the vascular prosthesis was closed with a continuous stitch (Ethylon 
9-0, BV-4 needle. Ethicon). 

A rabbit (New Zealand White) was anaesthetized with Nembutal (0.5 ml/kg), after which the neck was shaved. Oxy- 
gen/nitrous oxide was then used as anaesthetic. Pain-killing was carried out using Temgesic, 0.1 ml. 
35 The left-hand arteria carotis was exposed over a length of about 2 cm. After arranging two clamps, 1 cm of the arte- 
ria carotis was removed and replaced by the luminal vascular prosthesis hydrophobe modified according to the invent . 
tion which was joined at both ends to the arteria carotis using eight stitches (Ethylon 9-0, BV-4 needle, Ethicon). 

After the clamps were removed, it was checked and confirmed after 10 minutes and after two hours that blood could 
pass through the prosthesis. The wound was then closed and the rabbit returned to its hutch. Standard rabbit food and 
40 water were provided ad libitum. 

One week later the prosthesis was once again exposed under the same standard anaesthetic as described above 
and it was determined that blood was still passing through the prosthesis. Before removing the prosthesis heparin was 
administered to the rabbit in order to avoid coagulation in the removed prosthesis. 

Although no cleaning treatment other than glow discharging is described in the examples, it will be apparent that 
45 any cleaning treatment is suitable insofar as substances and/or structures are removed (spectrum B) with a binding 
energy of about 282-283 eV and the modified hydrophobe character of the plastic surface is substantially not adversely 
affected. 



50 



55 



4 



EP 0 580 728 B1 



Table 1 



Contact angle (°) after ion-etching (IE) and/or oxygen (15 mbar) glow discharge (Gld, SOW) for modified 
FEP-Tef Ion. ± indicates the standard deviation for three separately manufactured samples. 


treatment duration 


water 


formamide 


diiodomethane 


obromo naphthalene 


untreated 


109±2 


90±4 


77±3 


73±1 


Modified 


IE a \ 10 min 


121±4 


98±16 


87±14 


41±14 


IE a >, 30 min 


120±6 


102+16 


95+9 


75+16 


IE a >, 60 min 


118±10 


80±21 


81±11 


51+10 


Modified 


Gld, 1 min 


104±7 


87±6 


74±6 


69+5 


Gld. 3 min 


99±6 


77±9 


73+5 


71±3 


Gld, 5 min 


99±7 


80±7 


69±4 


69+4 


Hydrophobe modified according to the invention 


\E*\ 10 min + Gld, 5 min 


131±7 


110±7 


96±10 


85±13 


IE a >, 30 min + Gld, 5 min 


>140 c > 


123±3 


111+5 


97±14 


IE b \ 30 min + Gld. 5 min 


>140 c > 


122±7 


110±10 


107±10 


Hydrophile modified. 


I E ~ 45 min/water contact - 


6 


10 


26 


16 



a) IE; 8 mA, 6kV and 4x1 0" 4 torr argon pressure 
b > IE; 10 mA, 10kV and 2X10" 4 torr argon pressure 

c) drops did not remain on the surface, angles determined between 140 and 150° (possibly higher) 
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Table 2 



Surface concentration ratios measured with XPS after ion-etching (IE) (8 mA, 6kV and 
4x1 0" 4 argon pressure) and/or oxygen glow discharging (15 mbar oxygen pressure at 
50W for 5 minutes) of FEP-Tef Ion surfaces. 


IE 


Gld 


O/C 


F/C 


no 


no 


0.018 


1.931 


10 min 


no 


0.208 


0.629 


45 min 


no 


0.142 


1.059 


60 min 


no 


0.097 


0.670 


no 


yes 


0.016 


1.757 


10 min 


yes 


0.133 


1.511 


30 min 


yes 


0.173 


1.526 


45 min 


yes 


0.169 


1.745 
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Table 3 



5 


Stylus surface roughness R A after ion-etching (8 mA, 6kV and 4x10" 4 torr argon pressure) 
and/or after oxygen glow discharging (15 mbar oxygen pressure at 50W) of FEP-Tef Ion 
surfaces. ± indicates the standard deviation over ten tracings. 




IE 


Gld 


R A [nm] 




no 


no 


0.44±0.22 


10 


10 min 


no 


0.54±0.07 




60 min 


no 


0.74±0.07 




no 


5 rrdn 


0.48±0.09 


15 


45 min 


10 min 


0.49±0.04 




45 min 


30 min 


0.35±0.02 



20 



Table 4 



25 


Spreading of human skin f fcroblasts. A total of 400 cells were measured per material. The standard devia- 
tion of the standard error of the mean (SEM) of the mean cell spreading area MCSA is given in %. 


Material 


TCPS 


FEP 


FEP hydrophobe modi- 
fied according to the„ 
invention" 


FEP hydrophile modified 




Cell density 


4.5 


2.8 


2.8 


2.3 


30 


MCSA 


270 


209 


158 


257 




SEM 


6 


6 


14 


9 




Significance (a) 


# 




*# 


# 



35 <*): 

* indicates a significant difference relative to TCPS, p<Q.0T, student t-test; 

# indicates a signiicant difference relative to FEP 



Claims 

40 

1 . Method for modifying at least a part of the surface of a fluorine-containing plastic, which comprises making the sur- 
face hydrophobic by: 

i) ion-etching the plastic surface; and 
45 ii) subsequently cleaning the treated plastic surface. 

2. Method as claimed in claim 1 , wherein the cleaning is performed by means of glow discharging. 

3. Method as claimed in claim 1 or 2, wherein the fluorine-containing plastic is selected from the group comprising the 
so polymers polyfluoroethenepropylene (FEP), polytetrafluoroethylene (PTFE), polychlorotrifluoroethylene (PCTFE), 

polyvinyl fluoride (PVF), polyvinyl idene fluoride (PVDF) and copolymers thereof with (C 2 -C 6 ) alkylene. f luorinated 
(C 2 -C 6 ) alkylene, f luorinated (C r C 6 ) alkylvinyfether. 

4. Method as claimed in claim 3, wherein the fluorine-containing polymer is FEP or PTFE. 

55 

5. Method as claimed in claims 1 -4, wherein the average contact angle of water on the hydrophobe modified surface 
amounts to more than 125°, preferably more than 130°, and more preferably more than 140°. 
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6. Method as claimed in claims 1-5, wherein the hydrophobe modified surface has; 

an oxygen-carbon concentration ratio (O/C) of 0.1 00-0.200; and 
a fluorine-carbon concentration ratio (F/C) of 1 .000-2.000. 

5 

7. Method as claimed in claim 6, wherein 

the O/C ratio amounts to 0.120-0.180; and 
the F/C ratio amounts to 1 .400-1 .800. 

10 

8. Method as claimed in claims 1-7, wherein the hydrophobe modified surface is provided with stalk-like projections 
with a diameter in the range of 20-60 nm, the free ends whereof are melted down. 

9. Method as claimed in claims 1-8, wherein another portion of the surface of the fluorine-containing plastic is 
15 hydrophile modified by: 

i) ion-etching the other portion of the plastic surface; and 

ii) placing the surface in contact with water. 

20 10. Method as claimed in claim 9, wherein the contact angle of water on the hydrophile modified surface amounts to 

6°±5°. 

1 1 . Fluorine-containing plastic, the surface of which is at least partially hydrophobe modified by ion-etching followed by 
a cleaning treatment. 

25 

1 2. Plastic as claimed in claim 1 1 , wherein the cleaning treatment comprises glow discharging. 

1 3. Plastic as claimed inclaim 1 1 or12, wherein the mean contact angle of water on the hydrophobe modified surface, 
amounts to more than 125?.-* 

30 

14. Plastic as claimed in claims 1.1-13; wherein the mean contact angle of water on the hydrophobe modified surface 
amounts to more than 1 30°, and preferably more than 1 40°. 

15. Plastic as claimed in claims 1 1-14, wherein the hydrophobe modified surface has: 

35 

an oxygen-carbon concentration. ratio (O/C) of O.1 00-0 .200 ; l and^_ 
a fluorine-carbon concentration-ratio (F/C) of 1 000-2.000: 

16. Plastic as claimed in claims 11-15, wherein 

40 

the O/C ratio amounts to 0. 1 20-0. 1 80 ; and 
the F/C ratio amounts to 1 .400-1 .800. 

1 7. Plastic as claimed in claims 11-16. wherein the hydrophobe modified surface is provided with stalk-like projections 
45 with a diameter in the range of 20-60 nm, the free ends whereof are melted down. 

18. Plastic as claimed in claims 11-17, wherein the fluorine-containing plastic is selected from the group comprising 
polymers of polyfluoroethenepropylene (FEP), polytetrafluoroethylene (PTFE). polychlorotrifluoroethylene 
(PCTFE), polyvinyl fluoride (PVF), polyvinylidene fluoride (PVDF) and copolymers thereof with (C 2 -C 6 ) alkylene, 

so f luorinated (C^-C 6 ) alkylene, f luorinated (Cj -C 6 ) alkylvinylether. 

19. Plastic as claimed in claim 18, wherein the fluorine-containing polymer is FEP or PTFE. 

20. Plastic as claimed in claims 11-19, whereof another portion of the surface is hydrophile modified. 

55 

21 . Plastic as claimed in claim 20, wherein the surface is hydrophile modified by ion-etching followed by water contact. 

22. Bio-material containing a fluorine-containing plastic with a modified surface as claimed in the claims 1 1-21 and/or 
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obtained according to the method as claimed in the claims 1-10. 

23. Vascular prosthesis comprising a luminal surface that is hydrophobe modified according to the method as claimed 
in any of the claims 1-10. 

5 

24. Material containing a fluorine-containing plastic with a modified surface as claimed in claims 11-21 and/or obtained 
according to the method as claimed in claims 1 -10. 

Patents nsprQche 

10 

1 . Verfahren zum Modif izieren zumindest eines Teiles der Oberflache eines Fluor enthartenden Kunststoffes, das das 
die Oberf lache Hydrophobmachen aufweist durch: 

i) lonenatzen der Kunststoftoberflache und 
75 ii) darauf folgendes Reinigen der behandelten Kunststoffoberf lache. 

2. Verfahren nach Anspruch 1 , bei dem das Reinigen mittels Glimmentladung ausgefuhrt wird. 

3. Verfahren nach Anspruch 1 oder 2, bei dem der Fluor enthaltende Kunststoff aus der Gruppe ausgewahlt ist, die 
20 die Polymere aufweist Polyfluorethenpropylen (FEP), Polytetrafluorethylen (PTFE), Polychlortrifluorethylen 

(PCTFE), Polyvinylfluorid (PVF), Polyvinylidenfluorid (PVDF) und Copolymere davon mit (C 2 -C 6 ) Alkylen, fluorisier- 
tes (C 2 -C 6 ) Alkylen, fluorisierter 
(C r C 6 ) Alkylvinylether. 

25 4. Verfahren nach Anspruch 3, bei dem das Fluor enthaltende Polymer FEP oder PTFE ist. 

5. Verfahren nach Anspruchenil -4, bei.dem sich.der.mrfflere Kont 

zierten Oberflache auf mehr ate*l25°, bevorzugt mehr. als 130°, und noch: mehr bevorzugt auf.' mehr als 140° 
belauft. 

30 

6. Verfahren nach Anspruche 1 -5, bei dem die hydrophobe modif izierte Oberflache aufweist: 

ein Sauerstoff-Kbhlenstoff-Konzentrationsverhaltnis (O/C) von 0,1 00-0,200 und 
ein Fluor-Kohlenstoff- Kbnzentrationsverhaltnis (F/C) von 1 ,000-2,000. . 

35 

7. Verfahren.nach Anspruch6,.bei.dem.sich. 

- das O/C-Verhartnis auf 0,1 20-0,1 80 belauft und 

- das F/C-Verhaltnis auf 1 ,400-1 ,800 belauft. 

40 

8. Verfahren nach Anspruchen 1-7, bei dem die hydrophobe modifizierte Oberflache mit stielartigen Vorsprungen in 
dem Bereich von 20-60 nm versehen ist, deren freien Enden heruntergeschmolzen sind. 

9. Verfahren nach Anspruchen 1 -8, bei dem ein anderer Abschnitt der Oberflache des Fluor enthartenden Kunststof- 
45 fes hydrophil modifiziert ist durch: 

i) lonenatzen des anderen Abschnittes der Kunststoffoberf lache und 

ii) Bringen der Oberflache in Kontakt mit Wasser. 

so 10. Verfahren nach Anspruch 9, bei dem der Kontaktwinkel von Wasser auf der hydrophilen modrfizierten Oberflache 
sich auf 6° + 5° belauft. 

11. Fluor enthaltender Kunststoff, dessen Oberflache mindestens teihweise hydrophob modifiziert ist durch lonenatzen 
gefolgt durch eine Reinigungsbehandlung. 

55 

12. Kunststoff nach Anspruch 1 1 , bei dem die Reinigungsbehandlung eine Glimmentiadung aufweist. 

13. Kunststoff nach Anspruch 1 1 oder 12, bei dem sich der mittlere Kontaktwinkel von Wasser auf der hydrophoben 
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modrfizierten Oberfiache auf mehr als 125° belauft. 



1 4. Kunststoff nach Anspruchen 11 -13, bei dem sich der mittlere Kontaktwinkel von Wasser auf der hydrophoben modi- 
fizierten Oberfiache auf mehr als 130° und bevorzugt mehr als 140° belauft. 

5 

1 5. Kunststoff nach Anspruchen 1 1 -1 4, bei dem die hydrophobe modif izierte Oberfiache aufweist: 

ein Sauerstoff-Kohlenstoff-Konzerrtrationsverhalcnis (O/C) von 0,1 00-0,200 und 
ein Fluor-Kohlenstoff-Konzentrationsverhaitnis (F/C) von 1 ,000-2,000. 

w 

1 6. Kunststoff nach Anspruchen 11-15, bei dem sich 

- das O/C-Verhaltnis auf 0, 1 20-0, 1 80 belauft und 

- das F/C-Vemaltnis auf 1,400-1,800 belauft. 

75 

17. Kunststoff nach Anspruchen 11-16, bei dem die hydrophobe modif izierte Oberfiache mit stielartigen Vorsprungen 
mit einem Durchmesser in dem Bereich von 20-60 nm versehen ist, deren freien Enden heruntergeschmolzen sind. 

18. Kunststoff nach Anspruchen 11-17, bei dem der Fluor enthaltende Kunststoff aus der Gruppe gewahtt ist, die die 
20 Polymeren aufweist Polyfluorethenpropylen (FEP), Polytetrafluorethylen (PTFE), Polychlortrifluorethylen (PCTFE), 

Polyvinytfluorid (PVF), Polyvinylidenfluorid (PVDF) und Copolymeren davon mit (C 2 -C 6 ) Alkylen, fluoriniertes (C 2 - 
C 6 ) Alkylen, fluorinierter (Ci-Ce) Aikylvinylether. 

19. Kunststoff nach Anspruch 18, bei dem das fluorenthaltende Polymer FEP oder PTFE ist. 

25 

20- Kunststoff nach AnsprQchen 11-19, von dem ein anderer Abschnrtt der Oberfiache hydrophil modif iziert ist. 

21. Kunststoff nach. Anspruch. 20; bei- dem die Oberfiache hydrophil modifiziert ist,durch lonenatzen gefolgt von Was- 
serkontakt 

30 

22. Biomaterial, daseinen Fluor enthaltenden: Kunststoff mit einer modrfizierten Oberfiache errthalt, wie er in den 
Anspruchen 1 1-21 beansprucht ist, und/oder durch das Verfahren erhalten ist, wie in den AnsprQchen 1-10 bean- 
sprucht ist. 

35 23. GefaBprothese:mit einer hohlen Oberfiache, die hydrophob modif iziert ist gemaB dem Verfahren, wie es in einem 
der AnSpruche:1 -1 0 beanspruchtist. . 

24. Material, das einen Fluor modrfizierten Kunststoff mit einer modrfizierten Oberfiache enthaft, wie er in Anspruchen 
1 1-21 beansprucht ist, und/oder gemaB dem Verfahren erhalten ist, wie es in Anspruchen 1-10 beansprucht ist. 

40 

Revendications 

1 . Precede pour modifier au moins une parte de la surface d un plastique f luore, qui comprend le fait de rendre la air- 
face hydrophobe par : 

45 

i) corrosion ionique de la surface du plastique; et 

ii) nettoyage ulterieur de la surface du plastique traitee. 

2. Procede selon la revendication 1 , dans lequel le nettoyage s effectue par decharge lumineuse. 

50 

3. Procede selon la revendication 1 ou 2, dans lequel le plastique fiuore est choisi dans le groupe comprenant les 
polymeres de poly(fluoroethylene/propylene) (FEP), poly(tetraf luoroethylene) (PTFE), poly(chlorotrifluoroethylene) 
(PCTFE), poly(fluorure de vinyle) (PVF), poly(fluorure de vinylidene) (PVDF) et les copolymeres de ceux-ci avec 
des alkylenes en (C 2 -C 6 ), des alkylenes en (C2-C 6 ) fluores. des ethers alkylvinyliques en (C r C 6 ) fluores. 

55 

4. Procede selon la revendication 3, dans lequel le pdymere fiuore est le FEP ou le PTFE. 

5. Precede selon les revendications 1 a 4, dans lequel Tangle moyen de contact de I'eau sur la surface modtfi&e 
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hydrophobe s'eleve a plus de 125*. de preference a plus de 130°, et encore plus preferablement a plus de 140". 

6. Precede selon les revendlcations 1 a 5, dans lequel la surface modif iee hydrophobe possede : 

- un rapport de concentration oxygene-carbone (O/C) de 0.100 a 0.200; et 
un rapport de concentration f luor-carbone (F/C) de 1 ,000 a 2,000. 

7. Precede selon la revendication 6, dans lequel 

- le rapport O/C s'eleve a 0,120-0,180; et 

- le rapport F/C s'eleve a 1 ,400-1 ,800. 

8. Precede selon les revendications 1 a 7, dans lequel la surface modif iee hydrophobe est dotee de saillies en forme 
de carotte ayant un diametre compris entre 20 et 60 nm, dont on fait fondre les extremites degagees. 

9. Precede selon les revendications 1 a 8. dans lequel une autre parte de la surface du plastique fluore est modif iee 
de facon a devenir hydrophile par : 

i) conosion ionique de I'autre partie de la surface du plastique; et 

ii) mise en contact de la surface avec de I'eau. 

10. Pre*ed6 selon la revendication 9, dans lequel Tangle de contact de I'eau sur la surface modifiee hydrophile s'eleve 

11. Plastique fluore dont la surface est au moins partiellement modifiee de facon a devenir hydrophobe par corrosion 
ionique suivie d'un traitement de nettoyage. 

12. Plastique selon la*eveiidicatidn;*1-.dans lequel leitraitemem de nettoyagercomprend une decharge lumiheuses 

13. Plastique^selon.la;revendication:.1 Tou 12; dans lequel. 1'angle moyen de contact de I'eau sur la surface modifiee 
hydrophobe s'eleve a plus de 125°. 

14. Plastique selon les revendications 11 a 13, dans lequel Tangle moyen de-contact de I'eau sur la surface:modifiee 
hydrophobe seleve &;plus:deTl30°; et de preference.a plus de:140°. 

15. Plastique selon les revendicationsd,l:a-14i dans lequel;la surfacemodifieehydrophobe poss6de:fr- 

- un rapport de concentration oxygene-carbone (O/C) de 0,100 a 0,200; et 

- un rapport de concentration f luor-carbone (F/C) de 1 ,000 a 2,000. 

16. Plastique selon les revendications 11 a 15, dans lequel 

- le rapport O/C s'eleve k 0, 120-0, 1 80; et 

- le rapport F/C s'eleve a 1 ,400-1 .800. 

17. Plastique selon les revendications 11 a 16, dans lequel la surface modifiee hydrophobe est dotee de saillies en 
forme de carotte ayant un diametre compris entre 20 et 60 nm, dont on fait fondre les extremites degagees. 

18. Plastique selon les revendications 1 1 a 1 7, ou le plastique fluore est choisi dans le groupe comprenant les polyme- 
^4L P y( ' UOr ° 6thyl6ne/k>ropy,6ne) (FEP) ' P<*y<t6trafluoroethyl6ne) (PTFE), poly(chlorotrifluoroethylene) 
(PCTFE). poly(fluorure de vinyle) (PVF). poly(fluorure de vinylidene) (PVDF) et les copolymdres de ceux-ci avec 
des alkylenes en (C 2 -C 6 ), des alkylenes en (C 2 -C 5 ) fluores, des ethers alkylvinyliques en (C, -Cg) f luor6s. 

19. Plastique selon la revendication 18, dans lequel le polymSre fluore est le FEP ou le PTFE. 

20. Plastique selon les revendications 11 a 19, dont une autre partie de la surface est modif iee de facon a devenir 
hydrophile. 
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21 . Plastique selon la revendication 20, dans lequel la surface est modrf iee de facon a devenir hydrophile par corrosion 
ionique suivie d'un contact avec de l eau 

22. Biomateriau contenarrt un plastique f luore ayant une surface modrf iee selon les revindications 11 a 21 et/ou 
obtenu selon le procede de I'une quelconque des revendications 1 a 10. 

23. Prothese vasculaire comprenant une surface luminale qui est modif iee de facon a devenir hydrophobe selon le pro- 
cede de Tune quelconque des revendications 1 a 10. 

24. Mater iau contenarrt un plastique f luore ayant une surface modrf iee selon les revendications 11 a 21 et/ou obtenu 
selon le procede de I'une quelconque des revendications 1 a 10. 



11 



EP 0 580 728 B1 




FIG. 1 
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